Active site rearrangement of the 2-hydrazinopyridine adduct in Escherichia coli amine oxidase to an azo copper(II) chelate form: a key role for tyrosine 369 in controlling the mobility of the TPQ-2HP adduct.
Adduct I (lambda(max) at approximately 430 nm) formed in the reaction of 2-hydrazinopyridine (2HP) and the TPQ cofactor of wild-type Escherichia coli copper amine oxidase (WT-ECAO) is stable at neutral pH, 25 degrees C, but slowly converts to another spectroscopically distinct species with a lambda(max) at approximately 530 nm (adduct II) at pH 9.1. The conversion was accelerated either by incubation of the reaction mixture at 60 degrees C or by increasing the pH (>13). The active site base mutant forms of ECAO (D383N and D383E) showed spectral changes similar to WT when incubated at 60 degrees C. By contrast, in the Y369F mutant adduct I was not stable at pH 7, 25 degrees C, and gradually converted to adduct II, and this rate of conversion was faster at pH 9. To identify the nature of adduct II, we have studied the effects of pH and divalent cations on the UV-vis and resonance Raman spectroscopic properties of the model compound of adduct I (2). Strikingly, it was found that addition of Cu2+ to 2 at pH 7 gave a product (3) that exhibited almost identical spectroscopic signatures to adduct II. The X-ray crystal structure of 3 shows that it is the copper-coordinated form of 2, where the +2 charge of copper is neutralized by a double deprotonation of 2. These results led to the proposal that adduct II in the enzyme is TPQ-2HP that has migrated onto the active site Cu2+. The X-ray crystal structure of Y369F adduct II confirmed this assignment. Resonance Raman and EPR spectroscopy showed that adduct II in WT-ECAO is identical to that seen in Y369F. This study clearly demonstrates that the hydrogen-bonding interaction between O4 of TPQ and the conserved Tyr (Y369) is important in controlling the position and orientation of TPQ in the catalytic cycle, including optimal orientation for reactivity with substrate amines.